Wild Korean ginseng has been recognized as highly precious medicine since ancient times. Nowadays, the population of wild ginseng in the forest of Korean peninsula is very rare due to indiscreet harvest. In this work, we investigated the plant regeneration via somatic embryogenesis from embryogenic callus of old wild ginseng (more than 50 years-old) and compared the features of plants regenerated from 5-years old and 50 years-old ginseng. Induction of embryogenic callus from adventitious roots of 50 year-old wild ginseng required 83 weeks of culture, but only 10 weeks were sufficient for 5 year-old ginseng. Height and width of plants derived from the old wild ginseng was smaller and slender compared to the plantlets derived from 5 year-old ginseng. Total chlorophyll contents was 2-6 time lower in plantlets regenerated from 50 year-old wild ginseng than those from 5 year-old ginseng, but anthocyanin content was higher in 50 year-old ginseng. Our results revealed that plants regenerated from old wild ginseng have different morphological and physiological characters probably due to age-dependent phenomenon.
Introduction
Wild Panax ginseng is belonging to Aralicease and distributed in Korea, China and Russia in altitude of 30-48 o . Population of wild P. ginseng in Korean peninsula was near to extinct because of indiscreet harvest from ancient time. Wild P. ginseng in Russia and wild Panax quinquefolium distributed in North America are protected by CITES (the Convention on International Trade in Endangered Species of Wild Fauna and Flora).
Wild ginseng has special ability to survive several decades in wild forest. Wild population of P. ginseng might be used as novel genotype which could be used as breeding sources both for environmentally well-adapted cultivars and high medicinal values. Recently, artificial production of wild ginseng in forest has been rapidly increased by cultivation of ginseng in forest of Korea and China. Ginseng roots cultivated in forest are sold by much higher price than field cultivated ginseng because they are free from agrochemicals and considered of having similar medicinal values to highly precious wild ginseng.
Although wild ginseng plants are valuable source for breeding, their over-exploitation has made them very scarce. Conventional breeding of this species is quite difficult because several years of cultivation are required and only a small number of seeds per plant are produced. Therefore, an efficient system of plant production in wild ginseng is needed to meet the demand for mass propagation. Biotech-nological applications of wild ginseng may provide alternative approaches for the breeding, propagation, and production of raw materials for medicinal use.
Regeneration of P. ginseng has been attempted via tissue culture, using somatic embryogenesis (Lee et al. 1990; Arya et al. 1993; Ahn et al. 1996; Choi et al. 1998 ). However, most of cultured materials were sourced from field cultivated ginseng roots and zygotic embryos of seeds. In this study, plants were regenerated from old wild ginseng via somatic embryogenesis. We compared the morphological and physiological characters between 50 year-old wild ginseng and 5 year-old forest cultivated ginseng.
Materials and Methods

Plant materials
Old wild ginseng (Panax ginseng C.A. Meyer) plant was collected in Hambaek mountain of Jeongseon-kun situated in Kangwon province of South Korea and the age was expected at least more than 50 years-old by counting leaf abscission scar on short stem. Seedling from seeds, 5 year-old forest-cultivated ginseng roots were collected from the mountain near Samchuck-kun situated in Kangwon province of South Korea.
Adventitious roots were induced from forest cultivated and wild ginseng roots after they were surface sterilized following the protocol of Han et al. (2006) . To maintain the proliferation of adventitious roots, the roots were consecutively subcultured on half-strength MS (Murashige and Skoog 1962) 
Induction of embryogenic callus and somatic embryos from adventitious roots
Adventitious roots of ginseng were used to induce embryogenic callus. Segments of adventitious roots approximately 1.0 cm in length were incubated in Petri dishes containing 30 ml MS medium with 1.0 mg/L 2,4-dichlorophenoxyacetic acid (2,4-D), 30 g/L sucrose and 3.0 g/L gelrite under dark conditions. The induced embryogenic callus was subcultured on the same medium as mentioned above for proliferation.
Propagation of somatic embryos
When somatic embryos were induced directly from the surface of adventitious roots, these somatic embryos were excised and transferred onto fresh hormone-free MS medium to induce secondary direct somatic embryo formation. When embryogenic callus was obtained from the cultured adventitious roots, the callus was cultured on MS medium with 2,4-D (0.5, and 1.0 mg/L) to induce the somatic embryogenesis. We supposed 30 mg of callus as one unit of explant. There were 30 units in each Petri dish with 3 replications per treatment.
Germination of somatic embryos and plant conversion
Fifteen cotyledonary embryos were transferred onto Petri dishes with 30 ml of 1/2 MS medium containing gibberellic acid (GA 3 ; 0-4.0 mg/L) under dim light illumination to induce germination. Following germination, welldeveloped plantlets were selected and cultured onto 1/2 MS medium in the absence of growth regulators. Cultures were conducted in a culture room and maintained in 16/8 h (light/dark) photoperiod with white fluorescent light (80 μmol m -2 s -1 ) at 23±2°C.
Chlorophyll content
Freeze samples (0.1 g) of leaf, stem and roots of ginseng plantlets were ground in liquid nitrogen and chlorophylls were extracted in 2 mL of 80% (v/v) acetone for 3 days under cool and dark condition. Chrolophylls of ginseng plants were determined by UV spectrophotometer (UV-2100, Shimadzu, Japan) under 648 nm and 663 nm. Measurement of chlorophyll content was done by following the method of Lichtenthaler (1987) .
μg chlorophyll a/mL = 12.25*A 663.2 -2.79*A 648.8 μg chlorophyll b/mL = 21.50*A 646.8 -5.10*A 663.2
Anthocyanin content
Extraction and quantification of anthocyanins was performed in accordance with the protocols of Mehrtens et al. (2005) , with minor modifications. One milliliter of acidic methanol (1% [w/v] HCl) was added to 0.3 g of fresh plant tissue. Samples were incubated for 18 h at 21°C under moderate shaking (95 rpm). After centrifugation (21,500xg, room temperature, 3 min), 0.4 mL of the supernatant was added to 0.6 mL of acidic methanol. Absorption of the extracts at wavelengths of 530 and 657 nm was determined photometrically (DU 640 Spectrophotometer, Beckman Instruments). When the absorption value exceeded 2.5, extracts diluted with acidic methanol were used for the measurements. Quantitation of anthocyanins was performed using the following equation: Q (anthocyanins)=(A 530 -0.25 A 657 )xM -1 , where Q (anthocyanins) is the concentration of anthocyanins, A 530 and A 657 are the absorptions at the wavelengths indicated, and M is the fresh weight (in grams) of the plant tissue used for extraction. The number of samples used for measurements are indicated in each figure. Error bars indicate the SDs of the average anthocyanin contents.
Results
Callus induction from adventitious roots
In our previous report (Han et al. 2006) , the adventitious roots were induced from wild ginseng roots (50 year-old), forest cultivated ginseng roots (5 year-old), and zygotic embryos of forest cultivated seeds. These adventitious roots have been maintained by consecutive subculture on MS medium with 3.0 mg/l IBA. Han et al. (2006) reported that the ability to induce adventitious roots is closely associated with the maturity and age of plants.
In this work, we attempted to induce somatic embryos from the adventitious roots of 50 year old-wild ginseng and 5 year-old forest cultivated ginseng. There are clear differences in color of adventitious roots derived from wild ginseng roots (50 year-old), forest-cultivated roots (5 year-old), and seedling (Fig. 1) . Anthocyanin with red pigment was heavily accumulated in adventitious roots derived from the old wild ginseng but not conspicuous in those derived from forest cultivated ginseng and seedling (Fig. 1) .
Frequency of somatic embryo formation from embryogenic callus
To induce somatic embryo or embryogenic callus from adventitious roots, root segments were cultured on medium with 1.0 mg/L 2,4-D. The first signal of somatic embryo formation was noticed since somatic embryos were directly formed on the surfaces of adventitious roots (Fig. 2) . In ad- ventitious roots derived from 5 year-old ginseng, somatic embryos were induced after 2.5 months of culture (Table 1) . Somatic embryos were induced after 24.6 months of culture from adventitious roots of 50 year-old ginseng (Table 1 ). In addition, the frequency of somatic embryo formation was extremely low (0.67%) in 50 year-old ginseng.
Propagation of somatic embryos
Propagation of somatic embryos was performed via direct and indirect somatic embryogeneis. To induce direct somatic embryo formation, excised somatic embryos were cultured on hormone-free MS medium. Somatic embryos were developed from intact surfaces of somatic embryos although number of embryos was not high (Fig. 3A, B) .
Embryogenic calluses were consecutively subcultured in 3 week intervals onto medium with 1.0 mg/L 2,4-D. Friable and yellow embryogenic callus were induced and maintained (Fig. 3C ). When these embryogenic calluses were cultured on hormone-free medium, numerous somatic embryos were formed from surfaces of callus (Fig. 3D) . The frequency of somatic embryo formation on hor-mone-free medium was generally higher when embryogenic calluses were precultured on medium with 1.0 mg/L 2,4-D compared to those on 0.5 mg/L 2,4-D ( Table 2 ). The number of somatic embryos per Petri dish on medium with 1.0 mg/L 2,4-D was 2395.2 in 5 year-old ginseng, and 1701.6 in 50 year-old ginseng.
Germination of somatic embryos and conversion into plantlets
When somatic embryos were fully mature to cotyledonary stage, they were not germinated even after transferring them onto fresh hormone-free medium. Somatic embryos rapidly turned to green and germinated within 2 weeks of culture when they were cultured on medium 5 mg/l GA 3 (Fig. 4A ). Germinated small plantlets were transferred onto plastic magenta box to support the growth (Fig. 4B-E) .
Size of plantlets derived from 5 year-old and 50 year-old ginseng
There are clear differences of morphological size of plants derived from 50 year-old and 5 year-old ginseng. Except for roots, the length and width of leaves and stems revealed that plantlets derived from 50 year-old ginseng were generally smaller than those of 5 year-old ginseng as seen in Fig. 5 . Exceptionally length of root of plantlets derived from 50 year-old ginseng was longer than that of roots derived from 5 year-old ginseng. However, the diameter of roots in 50 year-old ginseng was smaller than that of 5 year-old ginseng (Fig. 5) .
Chlorophyll content
Chlorophyll content in plants derived from 5 and 50 year-old ginseng was compared. The content of chlorophyll a and b in leaves and stems of plants derived from 5 year-old ginseng was much higher than those of 50 year-old ginseng. Total chlorophyll content was 12.22 μg/g in leaf, and 3.96 μg/g in stem of plants derived from 5 year-old ginseng. In plants derived from 50 year-old ginseng, the total chlorophyll content was 2.49 μg/g in leaf and 1.19 μg/g in stem (Table 3) .
Anthocyanin content
Anthocyanin contents were analyzed in leaves, stems, and roots of plants derived from 5 and 50 year-old ginseng (Table 4 ). Anthocyanin contents were generally higher in stem regardless of origin of plantlets. And the content of anthocyanin was clearly higher in plantlets regenerated from 50 year-old ginseng. Leaves, stems and roots of plantlets derived from 50 year-old ginseng showed 10-fold, 5-fold, 2-fold higher anthocyanin contents, respectively than those of 5 year-old ginseng.
Discussion
Wild Korean ginseng is important genetic resources be-cause they are grown and well-adapted in wild forest environment. Recently, production of forest cultivated ginseng has been high increased because people believe that they have better medicinal values compared to field cultivated ginseng. From this point of view, in vitro mass propagation of wild ginseng is very promising technique because the fre- quency of propagation of wild ginseng by seed is very low.
In this work, we attempted to propagate the wild ginseng via somatic embryogenesis. However, unexpectedly, somatic embryo induction from 50 year-old ginseng was very difficult compared to 5 year-old ginseng. In general, somatic embryos were induced within 3 weeks of culture from zygotic embryos (Choi et al. 1998) , and within 3 month of culture from 3-5 year-old young roots (Chang and Hsing 1980) . In our previous report, we reported that the frequency of in vitro induced adventitious roots from old wild-ginseng roots was extremely difficult compared to that of young ginseng roots (Han et al. 2006) . In this works, 2 years of culture was required to induce somatic embryos from adventitious roots of 50 year-old ginseng by consecutive culture of callus on medium containing 2,4-D. Whereas, in 5 year-old ginseng, somatic embryos were induced after 2.5 months of culture. These results suggest that the physiological aging of ginseng is continuously maintained in in vitro cultured adventitious root of ginseng which might be deeply involved in difficulty of somatic embryo formation.
We compared the general morphology of plants regenerated from 50 year-old wild ginseng and young 5 year-old forest cultivated ginseng. All the size of leaves and stem were smaller in plants regenerated from old wild ginseng than that from young forest cultivated ginseng. Chlorophyll content was highly lower in plants regenerated from old wild ginseng than that from young forest ginseng. This result indicates that plants regenerated from old wild ginseng have less metabolically active than that from young forest cultivated ginseng. Analysis of anthocyanin content revealed that plants regenerated from old wild ginseng have high amount of anthocyanin compared to that from young forest ginseng.
Anthocyanins belong to a parent class of molecules called flavonoids synthesized via the phenylpropanoid pathway. Anthocyanins are reported to accumulate under drought stress and at cold temperatures. Plant tissues containing anthocyanins are usually rather resistant to drought (Chalker-Scott 1999) . For example, a purple cultivar of pepper resists water stress than a green cultivar (Bahler et al. 1991) . The proposed mechanism on anthocyanin-enhanced drought resistance is that anthocyanins are able to stabilize water potential and are involve in osmotic regulation (Choinski and Johnson 1993; Chalker-Scott 2002) . It is proposed that anthocyanins are mainly involved in photoprotection under direct drought stress (Gould et al. 2000; Hoch et al. 2001; Close and Beadle 2003; Merzlyak et al. 2008 ). From the above reposts, we can conclude that high anthocyanin content in plants regenerated from old wild ginseng might be caused from the adaptation during long term survival under harsh environments, and the in vitro propagated plants from old wild ginseng may have superior environmental adaptability compared to the plants regenerated from young forest cultivated ginseng.
